To introduce the surgical technique of 1-point fixation at the zygomaticomaxillary buttress (ZMB) and to verify its effectiveness using 3-dimensional computed tomography (3D CT).
T HE ZYGOMATICOMAXILLARY complex (ZMC) is an important functional and aesthetic landmark of the midface and provides the prominent cheek structure. Unfortunately, it is very vulnerable to injury because of its prominent convexity. Trauma to the ZMC represents 45% of all midface fractures. 1 A popular method for ZMC fracture repair is open reduction and internal fixation, which results in a more symmetrical ZMC position because direct exposure of the fracture allows visual alignment, and the wide exposure permits better mobilization of the displaced complex and use of a reduction force vector. 2 Stability and exactness of reduction are still debated in terms of the number of plates applied to the facial buttress. 3 Some authors have recommended open reduction and multiple-plate fixation for ZMC fractures to avoid facial asymmetry caused by delayed disfigurement. 4 Other au-thors have proposed that 1-point fixation is sufficiently rigid when the fracture is not comminuted and 3-point alignment is achieved. 5, 6 The advantages of 1-point fixation are that the procedure does not require another skin incision with associated scarring and that the operating time is shorter than that of multiple-plate fixation. Herein, we describe our surgical technique of 1-point fixation at the zygomaticomaxillary buttress (ZMB) and its results in patients with ZMC fractures without comminuted fractures of the lateral orbital rim. We also suggest guidelines for application of this approach using orthogonal measurements of zygoma displacement. bital rim were treated using 1-point fixation at the ZMB by the same surgeon (C.H.P.) between September 2005 and July 2009. Patients were excluded if they had congenital craniofacial anomalies and previous craniofacial injuries (skeletal or soft tissue) or operations; if they had a fracture of the other ZMC or an associated Le Fort maxillary fracture; if they had a follow-up period of less than 6 weeks; or if their postoperative 3-dimensional computed tomographic (3D CT) findings were not available. Finally, 29 of the 43 patients were included in this study. Their medical records were reviewed for the following data: age, sex, medical and surgical history, cause of trauma, associated facial fractures, abnormal eye signs before surgery, exploration time, preoperative and postoperative 3D CT findings (ie, comminution and displacement of inferior orbital rim, zygomaticofrontal [ZF] buttress, ZMB, and zygomatic arch), operative findings, and complications. Eye movement, diplopia, and other ophthalmologic signs and symptoms were routinely examined by ophthalmologists before and after surgery. The study was approved by the institutional review board of Chuncheon Sacred Heart Hospital, Chuncheon, South Korea.
SURGICAL TECHNIQUE
All operations were performed in the operating room with the patient under general anesthesia. An incision was made 0.5 cm above the gingivobuccal sulcus. After the submucoperiosteal flap was elevated, fracture sites were identified. Traction was applied until the inferior and lateral orbital rim and buttress were aligned under direct vision using a Langenbeck elevator or retractor underneath the zygomatic body in an anterolateral direction (Figure 1A) . The alignments of the inferior orbital rim, ZF buttress, and zygomatic arch were estimated by ultrasonography (z.one; Zonare Medical Systems). If the remaining displacement was identified by ultrasonography, an elevator was accurately placed and applied to reduce the bone fragments to the correct anatomical position with ultrasonography. The ZMB was immobilized with self-reinforced poly (L/DL-lactide) polymer microplates and screws (SR-PLDLA; ConMed Linvatec Biomaterials) or a titanium minimicro system (Solco Intermed) ( Figure 1B) . A splint (Aqua Splint; Aladin Sabbagh) was applied to support the bone fragment externally.
OUTCOME MEASUREMENTS
The patients underwent 3D CT (Somatom Sensation 64; Siemens Medical Solutions) before surgery to evaluate the type and extent of the fracture and at 2 to 6 months after surgery to assess successful reduction. Multidetector CT was performed in the axial position using a 3-mm section thickness, and the coronal and 3D views were then reconstructed using a computer program. The 2 preoperative and postoperative orthogonal aspects were measured. Vertical change (VC), which represents the movement of the bilateral infraorbital rim line, and horizontal change (HC), which represents the movement of the bilateral anterior margin of the fossa temporalis line, in the zygoma were measured on 3D views to assess the effectiveness of 1-point fixation at the ZMB (Figure 2) . 5 
STATISTICAL ANALYSIS
The Wilcoxon signed rank test was used to compare preoperative and postoperative VC and HC. Postoperative VC and HC according to preoperative 3D CT findings were compared using the Mann-Whitney test. P Ͻ.05 was considered significant. Data analyses were performed using SPSS for Windows, version 12.0 (SPSS Inc).
RESULTS
The patient population consisted of 24 males and 5 females, with a mean age of 45.3 years (range, 16-87 years). Two patients had diabetes, and 1 patient had received chemotherapy for esophageal cancer. One patient had undergone closed reduction of a contralateral zygomatic arch via the Gillies approach 6 months earlier, and his preoperative 3D CT revealed a faint fracture line without definite displacement of the zygomatic arch.
The most common cause of ZMC fracture was falls (45%), followed by traffic accidents (38%), sports injuries (14%), and assault (3%). A nasal bone fracture was Preoperative 3D CT scans did not document significant displacement of the infraorbital rim in any patients, but a comminuted fracture along the infraorbital rim, with minimal herniation of orbital fat and without evidence of muscle entrapment, was observed in 4 patients (14%). None of these patients had radiologic evidence of ZF process comminution, but 5 patients (17%) showed minimal displacement of the ZF buttress. Eighteen patients (62%) had evidence of comminution in the ZMB area, which was fixed with more than 2 plates. Six patients (21%) showed evidence of comminution at the zygomatic arch.
The ZMB area was fixed with resorbable plates of various shapes, lengths, and thicknesses and with screws of corresponding sizes and weights in 26 patients. Among them, straight plates measuring 5.5ϫ20.5ϫ1.0 mm with 4 holes were used in 15 patients (58%), straight plates measuring 5.5ϫ 30.5ϫ1.0 mm with 6 holes were used in 16 patients (62%), curved plates measuring 5.5 ϫ 30.5 ϫ 1.0 mm with 6 holes were used in 5 patients (19%), and right-angled plates measuring 5.5ϫ27ϫ1.0 mm with 6 holes were used in 5 patients (19%). In 3 patients, a metal plate and screw system was used to fix the ZMB area; the systems consisted of straight plates measuring 4ϫ 24ϫ0.8 mm with 6 holes, straight plates measuring 4ϫ16ϫ0.8 mm with 4 holes, or straight plates measuring 3ϫ31ϫ0.5 mm with 8 holes and curved plates measuring 3ϫ30ϫ0.5 mm with 8 holes.
The mean VC improved from 1.28°to 0.58°(PϽ.001), and the mean HC improved from 1.71°to 0.92°(PϽ.001) after 1-point fixation at the ZMB (Figure 3) . Postop-erative VC was not significantly influenced by comminution of the inferior orbital wall, ZF displacement, or comminution of the ZMB area and zygomatic arch (P Ͼ.05). However, postoperative HC was adversely affected by comminution of the ZMB area (P=.03) (Table) . Postoperative complications included facial cellulitis associated with acute sinusitis in 1 patient, who was successfully treated with endoscopic sinus surgery and intravenous ampicillin-sulbactam (3 g 4 times a day for 10 days). No patient required revision open reduction and internal fixation because of remnant facial deformity during the follow-up period.
COMMENT
This study demonstrated that 1-point fixation at the ZMB through a gingivobuccal incision was effective for tripod fractures without comminution of lateral orbital rim fractures. If the lateral and inferior orbital walls are adequately reduced, this surgical technique results in a successful outcome. To avoid long-term aesthetic, sensory, or ocular consequences, stable reduction is essential in the treatment of ZMC fractures. However, unsolved issues remain, such as recommended surgical procedure and indications for a particular procedure. The treatment should be as minimally invasive as possible to avoid multiple surgical approaches, consequent potential infections, additional scars, and nerve palsy and should provide precise physical stability of the zygoma. The number and location of miniplates for fixation are controversial because they depend on the fracture anatomy, extent, and amount of displacement. Davison et al 7 stated that 1-point fixation produced unstable fixation in their in vitro studies, and they proposed that 2-point fixation using a miniplate alone conferred a degree of stability comparable with most methods of 3-point fixation, regardless of the site at which the miniplates were applied. Other authors routinely expose 
